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SOLID BUFFER RODS IN HIGH TEMPERATURE HEAT EXCHANGER 

GOVERNMENTAL RIGHTS 

5 [001] This invention was made with Government support under contract 
number DAAE07-03-3-0002 awarded by the United States Army-TACOM. The 
Government has certain rights in this invention. 

CROSS-REFERENCE TO RELATED APPLICATIONS 

10 

[002] This application claims the benefit of provisional application number 
60/451 ,062, filed on February 25, 2003. 

BACKGROUND OF THE INVENTION 

15 

[003] The present invention generally relates to a heat exchanger that 
lessens the thermal shock to heat exchanger tubes by placing a relatively large 
thermal mass in front of the core to act as a buffer to reduce high thermal 
stresses that may be caused by global temperature patterns and localized high 
20 gradients that occur in system transients such as start up and shutdown and 
power transitions. 

[004] Heat exchangers that are located in a high temperature environment 
are subject to high thermal stresses, leading to limited life. This limited life 
decreases performance via increased leakage and greatly increased life cycle 
25 costs of the equipment. Precoolers in ECS (environmental control system) 
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bleed circuits and recuperators placed in a turbine exhaust flow path are 
examples of applications that experience limitations on heat exchanger life. 
High thermal stresses may be caused by global temperature patterns and 
localized high gradients that occur in system transients such as start up and 
5 shutdown. Furthermore, in tubular units, large thermal gradients may cause 
localized buckling that can cause catastrophic failure of the heat exchanger 
core. 

[005] U.S. Patent No. 3,785,535 discloses a conventional annular heat 
exchanger with plates graduated in thickness at the ends. Damping of the 
10 thermal effect of the incoming exhaust gas flow is achieved by using the 
graduated plates of varying thickness near the ends of the heat exchanger. 
The damping effect occurs in the stack-height direction and is localized. The 
patent does not disclose lessening the thermal impact upon the overall heat 
exchanger core. 

15 [006] U.S. Patent No. 4,697,633 discloses a conventional heat exchanger 
having a thermally balanced restraint system. Tie rods are placed in the fluid 
stream to force the tie rod temperature to follow the bulk temperature of the 
core of a plate heat exchanger construction. This is done to reduce the thermal 
stresses on the heat exchanger and the tie rod as the thermal expansion 

20 increases of the core and the tie rods are made more equal. In this 
configuration, the tie rods restrain the core and act as a supporting structural 
member that may experience and induce upon the core thermal loads due to 
being constrained. 

[007] As can be seen, there is a need for an improved heat exchanger 
25 where high thermal stresses on the heat exchanger core, especially during 
startup and shutdown, may be avoided, thereby increasing the lifespan of the 
heat exchanger unit. 
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SUMMARY OF THE INVENTION 

[008] In one aspect of the present invention, a heat exchanger, comprises 
a plurality of tubes carrying a first fluid, the tubes running parallel to each other, 
5 each of the tubes being separated by a space there between; the plurality of 
tubes arranged to have a cross-sectional shape with a first side and a second 
opposite side; at least one layer of thermal buffer members on the first side of 
the tubes, and at least one layer arranged in a direction parallel to the tubes, 
each of the thermal buffer members being separated by a space there between; 
10 and a second fluid passing from the first side to the second side of the plurality 
of tubes, by first moving around the thermal buffer members then by moving 
past an exterior of the plurality of tubes. 

[009] In another aspect of the present invention, a heat exchanger, 
comprises a plurality of tubes carrying a first fluid, the tubes running parallel to 

15 each other, each of the tubes being separated by a space there between; the 
plurality of tubes arranged to have a cross-sectional shape with a first side and 
a second side; at least one layer of solid thermal buffer members on the first 
side of the tubes, and at least one layer arranged in a direction parallel to the 
tubes, each of the thermal buffer members being separated by a space there 

20 between; a second fluid passing from the first side to the second side of the 
plurality of tubes, by first moving around the solid thermal buffer members then 
by moving past an exterior of the plurality of tubes; and a gap in a longitudinal 
direction of each of the solid thermal buffer members located either within the 
thermal buffer members, thereby creating two thermal buffer members along 

25 the longitudinal direction separated by the gap, or at an end of the thermal 
buffer members, between the thermal buffer members and the heat exchanger, 
the gap being sufficient size to allow for thermal expansion of the thermal buffer 
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members and not touch one another, thus not exerting stress on the heat 
exchanger. 

[010] In yet another aspect of the present invention, a heat exchanger for 
transferring heat from a first fluid to a second fluid, comprises a first set of tubes 
5 disposed adjacent to and running parallel with a second set of tubes, each of 
the first set of tubes and the second set of tubes carrying the second fluid; at 
least two layers of solid thermal buffer members on one side of the first set of 
tubes, arranged in a direction parallel to the first and second set of tubes; a gap 
in a longitudinal direction of the solid thermal buffer members, located either 

10 within the thermal buffer members, thereby creating two thermal buffer 
members along the longitudinal direction separated by the gap, or at an end of 
the thermal buffer members, between the thermal buffer members and the heat 
exchanger, the gap being sufficient size to allow for thermal expansion of the 
thermal buffer members without exerting stress on the heat exchanger; the first 

15 fluid passing first around the solid thermal buffer members then over an exterior 
of the first set of tubes, then over an exterior of the second set of tubes; and the 
first set of tubes having a diameter larger than the second set of tubes to 
improve the stiffness of the tubes that experience the greatest thermally 
induced buckling load. 

20 [011] In a further aspect of the present invention, a heat exchanger for 
transferring heat from a first fluid to a second fluid, comprises a first set of linear 
tubes disposed adjacent to and running parallel with a second set of linear 
tubes, each of the first set of tubes and the second set of tubes carrying the 
second fluid; each of the linear tubes in the first set of linear tubes being 

25 arranged with a space there between; at least two layers of linear, solid, rod- 
shaped thermal buffer members on one side of the first set of linear tubes, 
arranged in a direction parallel to the first and second set of linear tubes; each 
of the thermal buffer members in at least two layers being arranged with a 
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space there between; a gap in the longitudinal direction of the solid thermal 
buffer members located either within the thermal buffer members, thereby 
creating two thermal buffer members along the longitudinal direction separated 
by the gap, or at an end of the thermal buffer members, between the thermal 
5 buffer members and the heat exchanger, the gap being sufficient size to allow 
for thermal expansion of the thermal buffer members and not touch one 
another, thus not exerting stress on the heat exchanger; at least two tube 
support baffle having holes therein, through which the tubes and the solid 
thermal buffer members traverse; the holes having a diameter larger than a 

10 diameter of the thermal buffer members to allow for limited movement; a spacer 
support tube, passing through and attached to the tube support baffle, for 
supporting and spacing apart the tube support baffle; the first set of linear tubes 
having a diameter larger than the second set of linear tubes; an inner bundle of 
tubes, the inner bundle of tubes having the first set of linear tubes and the 

15 second set of linear tubes; an outer bundle of tubes, the outer bundle of tubes 
having the first set of linear tubes and the second set of linear tubes; and the 
heat exchanger is of an annular shape, wherein the first fluid passes from an 
inner region of the annular shape to an exterior of the annular shape first 
through the thermal buffer members then through the inner bundle of tubes, 

20 then through the outer bundle of tubes. The second fluid may pass through the 
outer bundle of tubes and may then directed to the inner bundle of tubes, 
thereby resulting in an overall cross-counter flow arrangement. 
[012] In still a further aspect of the present invention, a method for 
transferring heat from a first fluid to a second fluid, comprises passing the 

25 second fluid through a plurality of tubes; arranging at least one layer of thermal 
buffer members on one side of the tubes in a direction parallel to the tubes; and 
passing the first fluid first around the thermal buffer members then over an 
exterior of the plurality of tubes. 
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[013] These and other features, aspects and advantages of the present 
invention will become better understood with reference to the following 
drawings, description and claims. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[014] Figure 1 is a cross-sectional view a heat exchanger according to the 
present invention; 

[015] Figure 2 is a cross-sectional close up view of a portion of the heat 
10 exchanger of Figure 1 ; 

[016] Figure 3 is a longitudinal isometric view of a partially assembled 
tubular heat exchanger shown in Figure 1 ; and 

[017] Figure 4 is a graph showing the heat exchanger tube temperature, 
over time, when configured with the heat exchanger of the present invention. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

[018] The following detailed description is of the best currently 
contemplated modes of carrying out the invention. The description is not to be 
20 taken in a limiting sense, but is made merely for the purpose of illustrating the 
general principles of the invention, since the scope of the invention is best 
defined by the appended claims. 

[019] The present invention provides a heat exchanger where high 
thermal stresses on the heat exchanger core, especially during startup and 
25 shutdown, may be avoided, thereby increasing the lifespan of the heat 
exchanger unit and improving life cycle costs. The heat exchanger uses an 
increased thermal mass to cause the temperature of the heat exchanger core to 
change in a more gradual manner, thereby reducing thermal stresses. This 
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design may be useful in any high temperature heat exchanger environment 
where the warming of a fluid with a hot exhaust gas or an engine bleed air is 
desired, such as the heating of air for recuperated engines or for cooling engine 
bleed air in precoolers of aircraft, ships or land vehicles. 
5 [020] Conventional heat exchangers often have a short lifespan due to 
high thermal stresses acting on the core of the heat exchanger. In tubular heat 
exchangers, such thermal stresses may cause localized buckling due to 
differential thermal expansion across the cross section of the heat exchanger 
core. Heat exchangers that are of construction other than tubular also have 
10 thermal stresses imposed on the metal due to local and global temperature 
differences. 

[021] The present invention addresses the problems associated with high 
thermal stresses in a conventional heat exchanger by providing an increased 
thermal mass to more gradually adjust the temperature of the heat exchanger, 

1 5 thereby reducing thermal stress and increasing heat exchanger lifespan. 

[022] Referring to Figures 1 through 3, there are shown views of the heat 
exchanger of the present invention. Figure 1 shows a cross-sectional view of a 
heat exchanger 10 of the present invention, Figure 2 shows a close-up of a 
portion of Figure 1, and Figure 3 shows a isometric view of a partially 

20 assembled (with some tubes removed for clarity) heat exchanger 10 using the 
design configuration of the present invention. 

[023] Referring to Figures 1, 2, and 3, heat exchanger 10 may be 
designed as an annular heat exchanger having rows of tubes 14. A first fluid 
flows through heat exchanger in the spaces 22 between tubes 14. A second 
25 fluid flows through tubes 14 of heat exchanger 10. 

[024] Tubes 14 may be composed of a first set of tubes 16 having a first 
diameter and a second set of tubes 18 having a second diameter. Preferably, 
the first diameter should be larger than the second diameter. This larger 
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diameter may improve the stiffness of the tubes that experience the greatest 
thermally induced buckling load. Further, a preferred embodiment may include 
an inner bundle of tubes 20 having first set of tubes 16 and second set of tubes 
18 and an outer bundle of tubes 24, also having first set of tubes 16 and 
5 second set of tubes 1 8. The diameter of first set of tubes 1 6 may be from about 
0.1 to about 0.3 inches, preferably from about 0.12 to about 0.16 inches. The 
diameter of second set of tubes may be from about 0.05 to about 0.25 inches, 
preferably from about 0.1 to about 0.14 inches, however, any appropriate 
diameter may be selected, depending upon the heat exchanger's pressure 
10 drop, heat transfer requirements and duty cycle, as well as the resulting thermal 
stress environment. Tubes 14 are designed to have a length sufficient to 
transverse the entire length of heat exchanger 10. The size of heat exchanger 
10 may be varied depending on the specific application. 

[025] In applications having both inner bundle of tubes 20 and outer 
15 bundle of tubes 24, the fluid flowing inside these tubes preferably passes 
through the interior of the outer bundle of tubes 24 before being directed 
through the interior of inner bundle of tubes 20. This results in an overall cross- 
counter flow arrangement of the fluid inside the tubes with respect to the fluid 
passing outside of the tubes. Spaces 22 allow the flow manifolding on the inner 
20 bundle of tubes 20 and the outer bundle of tubes 24 to be made separate from 
one another, thus enabling the tubes to grow in a more unconstrained manner, 
thus reducing stresses. 

[026] Thermal buffer members 12 may be used as the increased thermal 
mass to more gradually adjust the temperature of heat exchanger 10. 
25 Preferably, thermal buffer members 12 are solid and are made of a material 
having a thermal capacity at least equal that of tubes 14. A 
nickel/molybdenum/chromium alloy, such as Inconel 625 (Ni 61 .0, Cr 21.05, Mo 
9.0, Nb 3.6, Fe 2.5) may be one example of a suitable material for thermal 
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buffer members 12. Thermal buffer members 12 may have any cross-sectional 
shape. While circular-shaped cross-sectional thermal buffer members 12 are 
shown in the Figures, elliptical or teardrop cross-sectional shaped thermal 
buffer members 12 may be used to lessen pressure drop across heat 
5 exchanger 10. Thermal buffer members 12 may also be formed as a sheet 
having holes there through for passing a fluid over the sheet-shaped thermal 
buffer members 12 and through tubes 14. Two sheet-shaped thermal buffer 
members 12 may be arranged parallel to each other in two layers, preferably 
having the holes through each of the sheets offset so that the fluid passing 
10 through heat exchanger 10 can not directly impinge upon the leading edge of 
tubes 14. 

[027] The spacing between thermal buffer members 12 may be selected 
to prevent direct hot fluid impingement upon the active portion (tubes 14) of 
heat exchanger 10. Preferably, thermal buffer members 12 are disposed in two 

15 rows with spacing between rods from about 0.01 to about 0.10 inches, more 
preferably from about 0.02 to about 0.03 inches. In one embodiment of the 
invention, the spacing of thermal buffer members 12 may be selected to match 
the spacing of first set of tubes 16. The spacing of thermal buffer members 12, 
as well as the choice of material for thermal buffer members 12, may be 

20 advantageously selected to result in the greatest heat transfer coefficient with 
minimum pressure drop within the constraints of cost and manufacturing limits. 
[028] As discussed above, thermal buffer members 12 act to increase 
thermal mass to more gradually adjust the temperature of heat exchanger 10. 
This increased heat exchanger thermal mass may be approximately from about 

25 10 to 40%, preferably from about 20 to 25%, of the active heat exchanger 
mass, thereby substantially diminishing the thermal gradient that is transmitted 
to tubes 14 of heat exchanger 10, especially tubes 16. This lessened thermal 
gradient results in a dramatically reduced buckling load for the tubular heat 
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exchanger 10. Thermal buffer members 12 act to lessen the thermal gradients 
when the second fluid temperature is increasing (i.e., during startup), as well as 
when the second fluid temperature is decreasing (i.e., shutdown). Moreover, 
the steady state operating temperature and performance of heat exchanger 10 
5 are not affected because the thermal mass (thermal buffer members 12) will 
reach a steady state temperature equal to the incoming fluid temperature. 
[029] Referring now specifically to Figure 3, there is shown an isometric 
view of a partially assembled (with some tubes 14 removed for clarity) heat 
exchanger 10 using the design configuration of the present invention. A 

1 0 plurality of tube support baffles 30 is disposed along the longitudinal axes of 
tubes 14. Spacer support members 32 are attached to tube support baffles 30 
to provide support for tube support baffles 30. Spacer support members 32 
have holes 36 there through to allow passage of tubes 14 and thermal buffer 
members 12. Advantageously, about 10 to about 20 spacer support members 

15 32 are spaced within each of inner bundle of tubes 20 (not shown, see Figure 
2) and outer bundle of tubes 24 (not shown, see Figure 2). Spacer support 
members 32 may be composed of any material suitable to the operating 
temperatures of heat exchanger 10 and may be hollow tubes or solid rods. 
[030] Because thermal buffer members 12 are designed to withstand 

20 impingement of the hot flow of the first fluid through heat exchanger 1 0, thermal 
buffer members 12 may heat more rapidly than tubes 14. Moreover, because 
thermal buffer members 12 may be chosen of a different material than tubes 
14, the two materials may have a different thermal heat capacity and different 
coefficients of thermal expansion. Therefore, a gap 34 may be required in 

25 thermal buffer members 12 to allow for the possibility of differential thermal 
expansion. Generally, tubes 14 flow through the entire length of heat 
exchanger and are attached to the heat exchanger on both exterior walls at the 
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end, while thermal buffer members 12 may be designed shorter than tubes 14, 
to allow for differential thermal expansion and contraction. 
[031] Gap 34 may be formed in any suitable location along the length of 
thermal buffer members 12. As shown in Figure 3, gap 34 may be formed as a 
5 space along the length of thermal buffer member 12. In other words, along a 
linear length of a single thermal buffer member 12, there may be a space, 
resulting in two thermal buffer members 12 being used along the single linear 
length. Optionally, gap 34 may be formed at one end of thermal buffer member 
12, the resulting gap 34 being between the end of thermal buffer member 12 

10 and an exterior wall (not shown) of heat exchanger 10. Gap 34 allows for 
expansion of thermal buffer members 12 along the axial direction. Preferably, 
gap 34 may be made at one location in the first row of thermal buffer members 
12 and at a different location along the second row of thermal buffer members 
12. This would result in no location of tubes 14 being directly exposed to hot 

1 5 fluid flow without first encountering at least one layer of thermal buffer members 
12. In addition to gap 34, holes 36 through spacer support/baffle 30 may be 
sized with a diameter larger than the diameter of thermal buffer members 12. 
This size difference may be chosen to allow room for differential thermal 
expansion of thermal buffer members 12 in their radial direction and allow for 

20 installation of the plurality of the tubes during manufacturing. 

[032] Heat exchanger 10 may be arranged in any number of 
configurations, so long as the fluid flow impinges on thermal buffer members 12 
prior to contacting tubes 14. For example, tubes 14 may be arranged in an 
annular cross-sectional shape, with thermal buffer members 12 forming a 

25 concentric annulus inside the annular cross-sectional shape of tubes 14, as 
shown in the drawings. The fluid would then pass over the exterior of thermal 
buffer members 12 before contacting tubes 14. Tubes 14 may also be 
arranged to have a flat or rectangular cross-sectional shape. In this 
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configuration, thermal buffer members 12 form at least one flat or rectangular 
layer on one side of tubes 14. The fluid would then pass through thermal buffer 
members 12 before contacting tubes 14. Other configurations, such as 
ellipses, ovals, arcs, and the like, are also possible. 
5 [033] Tubes 14 are preferably linearly arranged parallel to each other, 
having a space between each of the tubes. Tubes 14 are arranged such that 
thermal buffer members 12 can be placed in the flow of fluid so that the fluid 
must first pass around thermal buffer members 12 prior to contacting tubes 14. 
Preferably, thermal buffer members 12 are tubular shaped rods that are linearly 

10 arranged to run parallel to each other and parallel with tubes 14, with each of 
the rods being separated by a space there between. As noted above, any 
configuration of thermal buffer members 12 and tubes 14 is envisioned under 
the scope of the present invention, provided that the fluid flow first passes 
around thermal buffer members 14 before passing over tubes 12. 

15 [034] While the present invention has been described generally above, 
and more specifically in the example below, by using two rows of thermal buffer 
members 12, more than two rows of thermal buffer members 12 may be 
employed. The mass of heat exchanger 10 may be increased with an 
increased number of rows of thermal buffer members 12. This increase in rows 

20 may result in improved performance and lifespan of heat exchanger 10. On the 
other hand, a single row of thermal buffer members 12 may be employed. 
However, this single row may result in streaking of hot fluid to directly impinge 
upon tubes 14 of heat exchanger 10. While any number or rows of thermal 
buffer members 12 may be used, the present invention advantageously used 

25 from 1 to about 4 rows of thermal buffer members 12. Preferably, 2 or 3 rows 
of thermal buffer members 12 are used. 

[035] While the present invention has been described as a tubular heat 
exchanger, the concept of the present invention may be applicable to other 
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types of heat exchangers. For example, one can envision a plate-fin type heat 
exchanger having at least one row of thermal buffer members 12 to more 
gradually adjust the temperature of the heat exchanger core and prevent direct 
impingement of the exterior fluid onto the heat exchanger core. 

5 

Example 

[036] A heat exchanger 10 may be made of an inner tube bundle 20 and 
an outer tube bundle 24. Inner tube bundle 20 may comprise two rows of 

10 thermal buffer members 12, three rows of first set of tubes 16 and sixteen rows 
of second set of tubes 18. Thermal buffer members may be made of Inconel 
625 and may have a diameter of about 0.145 inches. Each row of thermal 
buffer members 12 may be made of a circumference of 105 rods. First set of 
tubes 16 may have a diameter of about 0.145 inches and second set of tubes 

15 18 may have a diameter of about 0.118 inches. Outer tube bundle 24 may 
comprise two rows of first set of tubes 16, as described above, and eleven rows 
of second set of tubes 18, also as described above. 

[037] A gas turbine engine may be started to idle for 60 seconds, then 
ramped over a 10 second period to full load, then sustained at full load for 40 

20 seconds, then shut-down. 

[038] Referring to Figure 4, there is shown a graph showing the exhaust 
gas turbine temperature coming out of the engine diffuser for such an operation 
condition described in the previous paragraph for a gas turbine recuperator. 
Without the thermal buffer members of the present invention in place, the heat 

25 exchanger would experience the temperature gradients shown on this line of 
the graph. Plotted against the exhaust gas turbine temperature is the 
estimated (through finite differential analysis calculations) temperature into the 
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first row of active tubes (active meaning carrying a fluid therein, such as tubes 
14 of Figures 1 and 2). 

[039] The graph shows that, during startup, the peak hot gas temperature 
into the first row of active tubes is reduced by about 200F degrees by using the 
5 two rows of thermal buffer members. After about 60 seconds, the idle 
temperature of the exhaust gas is in a steady state with the temperature of the 
first row of active tubes. During the 10 second ramp up to full load, the 
temperature increase of the exhaust gas is gradual enough that the 
temperature on the first row of active tubes is approximately the same. During 
10 shutdown from the steady state full load condition (beginning at 110 seconds 
on the graph), the graph shows a more gradual temperature decline when the 
thermal buffer members are used. Calculations show that the increased 
exhaust gas pressure drop is only about 0.3% with the two row thermal buffer 
member system. 

15 [040] As can be seen from the graph, the thermal buffer members protect 
the heat exchanger core by reducing the impact of the rapid increases or 
decreases in the temperature of the second fluid moving through the heat 
exchanger. 

[041] It should be understood, of course, that the foregoing relates to 
20 preferred embodiments of the invention and that modifications may be made 
without departing from the spirit and scope of the invention as set forth in the 
following claims. 
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